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3-214566 

Specification 

1 . Title of the Invention 

NON-AQUEOUS ELECTROLYTE BATTERY 

2 . Claim 

(1) A non-aqueous electrolyte battery comprising a 
negative electrode made of lithium or lithium alloy, a positive 
electrode and a non-aqueous electrolyte having a lithium salt 
dissolved in an organic solvent, wherein the organic solvent 
of the non-aqueous electrolyte comprises at least a cyclic 
carboxylic acid ester, lactone and a solvent having S-O bond 
incorporated therein. 

3. Detailed Description of the Invention 

indtiptyjag Field of Application 
The present invention relates to a non-aqueous 
electrolyte primary battery and non-aqueous electrolyte 
secondary battery comprising a positive electrode made of 
manganese dioxide or the like, a negative electrode made of 
lithium or lithium alloy and a non-aqueous electrolyte and more 
particularly to a non-aqueous electrolyte. 

Related Art 

This type of a battery has a high voltage and a high energy 
density and thus has recently been used for various purposes. 
In addition, the aforementioned battery is excellent in storage 
properties, etc. as compared with batteries comprising an 



aqueous electrolyte and thus is alsq advantageous in that it 
has a high reliability. 

However, since lithium used in the negative electrode 

has a very high reducing power, a film of reduced components 

< 

of the electrolyte is formed on the surface of lithium when 
the electrolyte is brought into contact with the negative 
electrode. In this case, some properties of the film can cause 
troubles such as inhibition of reaction of the electrolyte. 
Therefore, the properties of the film have a great effect on 
the storage properties and other properties of the battery, 
particularly during prolonged storage. 

It is generally known that the properties of the 
aforementioned film are closely related to the kind of the 
electrolyte. Extensive studies have been being made of 
various solvents and additives. However, no electrolytes 
having sufficient properties have been found. 

Problems that the Invention is to Solve 
The invention has been worked out under these 
circumstances. An aim of the invention is to provide a 
non-aqueous electrolyte battery excellent in storage 
properties, discharge performance (charge and discharge 
performance in the case of secondary battery) and cycle life 
performance for secondary battery. 

Means for Solving the problems 
In order to accomplish the aforementioned aim, the 
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invention concerns a non-aqueous electrolyte battery 
comprising a negative electrode made of lithium or lithium 
alloy, a positive electrode and a non-aqueous electrolyte 
having a lithium salt dissolved in an organic solvent , wherein 
the organic solvent of the non-aqueous elefctrolyte comprises 
at least a cyclic carboxylic acid ester, lactone and a solvent 
having S-O bond incorporated therein. 

Action 

As mentioned above , the surface of lithium is covered 
by a thin film which is a reduction product of the electrolyte 
and some properties of the film make difference in performance 
from battery to battery. For example , when this film is very 
dense and ionically insulating/ the resulting battery exhibits 
somewhat enhanced storage properties but has a raised internal 
impedance and cannot be provided with a sufficient discharge 
performance (charge and discharge performance in the case of 
secondary battery ) . Further , when the adhesion between the 
aforementioned film and lithium is not sufficient, the film 
can be easily exfoliated and the resulting exposed surface of 
the lithium electrode then reacts with the electrolyte, causing 
drop of capacity of negative electrode or deterioration of 
battery performance after prolonged storage. 

Taking into account these factors, the aforementioned 
film preferably has the following performances. 
(1 ) To have an excellent adhesion to the surface of the lithium 
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electrode and a high density 

When the film has such a performance , the progress of 
reaction of the electrolyte with lithium into the interior of 
lithium can be prevented. 

(2) To have an excellent ionic conductivity 

When the film has such a performance, the rise of the 
internal impedance of the battery can be prevented. 

The inventors then made studies of the use of a mixture 
of various solvents as a solvent of the electrolyte. As a 
result, it was found that a certain kind of mixed solvent 
provides the battery with excellent discharge performance and 
temperature characteristics as .. well as enhanced storage 
properties. This is probably because the use of such a mixed 
solvent allows the formation of a film which is superior to 
that formed with a single solvent in the aforementioned 
performances. 

In particular, it was recognized that when the solvent 
comprises at least a cyclic carboxylic acid ester, lactone and 
a solvent having S-0 bond incorporated therein as described 
in the aforementioned constitution, these performances are 
drastically enhanced. 

This is probably attributed to the following two reasons . 
(1) Since the film made of lithium carbonate which is one of 
reduction products of cyclic carboxylic acid ester and the film 
made of lithium oxide which is one of reduction products of 
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lactone are dense, the reaction of the electrolyte with lithium 
doesn't proceed into the interior of lithium. 
(2) The action of the compound having S-O bond causes the 
production of a composite having ions distributed in a film, 
resulting in the formation of a film having an excellent lithium 
ion conductivity. 

For these reasons, batteries can be obtained which 
exhibit excellent discharge performance (charge and discharge 
performance in the case of secondary battery) and temperature 
characteristics as well as improved storage characteristics . 

The aforementioned effect can be exerted regardless of 
which the battery is primary or secondary. In particular, in 
secondary batteries, the reaction of active lithium separated 
out during charge with the electrolyte can be inhibited. Thus , 
the secondary batteries can be provided with an enhanced cycle 
life performance as well. 

First Example 

The first example of the invention will be described in 
connection with Figs. 1 and 2. The present example and the 
following second example will be described with reference to 
non-aqueous electrolyte secondary battery. 
[Example] 

As shown in Fig. 1, a negative electrode 2 made of 
lithium-aluminum alloy is contact-bonded to the inner surface 
of a negative collector 7 which is contact-bonded to the inner 
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bottom surface of a negative electrode can 5 having a 
substantially U-shaped section made of stainless steel., The 
peripheral edge of the aforementioned negative electrode can 

5 is fixed to the interior of an insulating packing 8 made of 
polypropylene to the periphery of which a positive electrode 
can 4 made of stainless steel which has a substantially U- 
shaped section facing in the direction opposite that of the 
negative electrode can 5 is fixed. To the inner bottom surface 
of the positive electrode can 4 is fixed a positive collector 

6 to the inner surface of which a positive electrode 1 is fixed. 
A separator 3 made of a porous polypropylene membrane 
impregnated with an electrolyte is provided interposed between 
the positive electrode 1 and the aforementioned negative 
electrode 2. As this electrolyte there is used one having 
lithium perchlorate (LiClOJ dissolved in a mixture of ethylene 

carbonate (hereinafter abbreviated as "EC"), Y- blit y rolactone 
(hereinafter abbreviated as "GBL"), sulfolane (hereinafter 
abbreviated as " SLF " ) and 1 , 2-dimethoxy ethane (hereinafter 
abbreviated as " DME " ) in a proportion of 1 mol/1. The mixing 
ratio of EC, GBL, SLF and DME by volume is 10 : 10 : 10 : 70. 
The battery dimension comprises 24.0 mm in diameter and 3.0 
mm in thickness. 

The aforementioned positive electrode 1 is prepared by 
adding 10 parts by weight of acetylene black as an 
electrically-conducting material and 5 parts by weight of a 
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fluororesin powder as a binder to 85 parts by weight of 
manganese oxide as an active material, thoroughly kneading the 
mixture, and then pressure-molding the mixture. 

The battery thus obtained will be hereinafter refe rred 
to as "battery (A)". 
[Comparative Example] 

A battery was prepared in the same manner as in the 
aforementioned example except that as the electrolyte solvent 
there was used a 30 : 70 (by volume) mixture of EC and DME. 

The battery thus prepared will be hereinafter referred 
to as "battery (W) " . 
[Experiment I] 

The aforementioned inventive battery (A) and comparative 
battery (W) were each examined for change of internal impedance 
from before to after storage. The results are set forth in 
Table 1 below. 

Referring to experiment conditions, the batteries were 
each charged with a current of 2 mA for 3 hours, and then 
discharged with a current of 2 mA for 3 hours . This cycle was 
repeated 50 cycles. The batteries were each then stored at 
a temperature of 60°C for 40 days. 



Table 1 



Type of battery 


Internal impedance of battery ( Q) 


Before storage 


After storage 


Battery (A) 


6 to 7 


10 to 12 


Battery (W) 


6 to 7 


14 to 19 



As can be seen in Table 1 above, there can be recognized 
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no difference between the two types of batteries before storage. 
However, it can be recognized that the battery (W) showed a 
remarkable internal impedance rise as compared with that of 
the battery (A) after storage. 

[Experiment II] 

The aforementioned inventive battery (A) and comparative 
battery (W) were each examined for discharge performance before 
and after storage. The results are shown in Fig. 2. 

As can be seen in Fig. 2, the batteries (A) and (W) 
exhibited similar performance before storage. However, the 
battery (W) exhibited deteriorated performance as compared 
with the battery (A) after storage. 

fignond Example 

The second example of the invention will be described 
in connection with Figs. 3 and 4. 
[Example] 

A battery was prepared in the same manner a s in the 
inventive example of the first example except that as the 
electrolyte there was used one having lithium 
trifluoromethanesulfonate (LiCF 3 S0 3 ) dissolved in a mixture of 
propylene carbonate (hereinafter referred to as "PC"), GBL, 
SLF and DME (mixing ratio: 10 : 10 : 10 : 70 (by volume)) in 
a proportion of 1 mol/1. 

The battery thus prepared will be hereinafter referred 

to as "battery (B)". 
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[Comparative Example]. 

A battery was prepared in the same manner as in the 
aforementioned first example except that as the electrolyte 
solvent there was used a 30 : 7 0 (by volume) mixture of PC and 
DME • 

The battery thus prepared will be hereinafter referred 
to as "battery (X)". 
[Experiment I] 

The aforementioned inventive battery (B) and comparative 
battery (X) were each examined for cycle life performance. The 
results are shown in Fig. 3. Referring to experiment 
conditions , the battery was charged with a current of 2 inA for 
3 hours, and then discharged with a current of 2 mA for 3 hours. 

As can be seen in Fig. 3, the battery (B) exhibits an 
excellent cycle life performance as compared with the battery 
(X). 

[Experiment II] 

The aforementioned batteries (B) and (X) were each 
examined for discharge performance before and after storage. 
The results are shown in Fig. 4. The experiment conditions 
were the same as that of Experiment I in the aforementioned 
first example. 

As can be seen in Fig. 4, the batteries (B) and (X) 
exhibited similar performance before storage. However, the 
battery (X) exhibited deteriorated performance as compared 
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with the battery (B) after storage. 

Third Example 

The third example of the invention will be described in 
connection with Figs. 5 and 6. The present example and the 
following fourth example will be described with reference to 
non-aqueous electrolyte primary battery. 
[Example] 

Firstly, manganese dioxide which had been subjected to 
heat treatment at a temperature of from 350 °C to 430°C was used 
as an active material. This active material , a carbon powder 
as an electrically-conductive material and a fluororesin 
powder as a binder were mixed at a weight ratio of 85 : 15 : 
5. Subsequently, the mixture was pressured-molded, and then 
subjected to heat treatment at a temperature of from 250 °C to 
350°C to prepare a positive electrode. Separately, metallic 
lithium was punched to a predetermined size to prepare a 
negative electrode. Subsequently, the aforementioned 
positive electrode and negative electrode were received in a 
battery can made of a f errite-based stainless steel (SUS430) 
into which an electrolyte was then injected. As the 
electrolyte there was used one having lithium perchlorate 
(LiC10 4 ) dissolved in a mixture of PC, GBL, SLF and 1,3- 

dioxolane (hereinafter abbreviated as "DOXL") in a proportion 

of 1 mol/1. The mixing ratio of PC, GBL, SLF and DOXL was 20 : 
10 : 10 : 60 by volume. The battery dimension comprises 20 
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mm in diameter and 2.5 mm in thickness. 

The battery thus prepared will be hereinafter referred to as 
"battery (C)!' . 
[Comparative Example] 

A battery was prepared in the same manner as in Example 
except that as the solvent for the electrolyte there was used 

a mixture of PC and DOXL (mixing ratio: 40 : 60 (by volume)). 
The battery thus prepared will be hereinafter referred to as 

"battery (Y) " . 
[ Experiment I ] 

The aforementioned inventive battery (C) and comparative 
battery (Y) were each examined for discharge performance. The 
results are shown in Figs. 5 and 6. Fig. 5 is a graph 
illustrating the discharge performance of the batteries which 
have been discharged immediately after assembly. Fig. 6 is 
a graph illustrating the discharge performance of the batteries 
which have been discharged after 3 months of storage at 60 °C 
since assembly. Referring to experiment conditions, the 
battery was discharged at a constant resistivity of 500 Q. 

As can be seen in Figs. 5 and 6, when discharged 
immediately after assembly, the two types of batteries 
exhibited similar performance. However, when discharged 
after storage, the battery (C) is recognized to have a 
remarkably enhanced performance as compared with the battery 
(Y). In other words, it is made obvious that the battery (C) 
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(Y). In other words, it is made obvious that the battery (C) 
undergoes little or no deterioration of performance even after 
prolonged storage at high temperatures . 
[Experiment II] 

The aforementioned batteries (C) and (Y) were each 
examined for change of internal impedance from before to after 
storage under the same conditions as in Experiment I above. 
The results are set forth in Table 2 below. 



Table 2 



Type of battery 


Internal impedance of battery ( Q ) 


Before storage 


After storage j 


Battery ( C ) 


10 to 13 


11 to 15 


Battery (Y) 


10 to 13 


17 to 24 



As can be seen in Table 2 above , there can be recognized 
no difference between the two types of batteries before storage. 
However , it can be recognized that the battery (Y) showed a 
remarkable internal impedance rise as compared with that of 
the battery (C) after storage. 



Fourth sample 
The fourth example of the invention will be described 
in connection with Fig. 7. 
[Example] 

A battery was prepared in the same manner as in the 
inventive example of the aforementioned third example except 
that as the electrolyte there was used one having LiCF 3 S0 3 
dissolved in a mixture of EC, GBL, dimethyl sulfoxide 
(hereinafter abbreviated as "DMSO") and tetrahydrof urane 
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(hereinafter abbreviated as "THF" ) (mixing ratio: 20 : 10 : 
10 : 60 (by volume)) in a proportion of 1 mol/1. 

The battery thus prepared will be hereinafter referred 
to as "battery ( D ) ". . 
[Comparative Example] 

A battery was prepared in the same manner as in the 
aforementioned example except that as the electrolyte solvent 
there was used a mixture of EC, GBL and DME (mixing ratio: 20 : 
20 : 60 (by volume)). 

The battery thus prepared will be hereinafter referred 

to as "battery (Z)". 
[Experiment] 

The aforementioned inventive battery (D) and comparative 
battery (Z) were each examined for discharge performance at 
a constant resistivity of 500 Q after 3 months of storage at 
60°C. The results are shown in Fig. 7. 

When discharged immediately after assembly, the two 
types of batteries showed similar performance (not shown) . As 
shown in Fig. 7 , however, when discharged after storage, the 
battery (D) is recognized to have a remarkable enhancement of 
performance as compared with the battery (Z). 

As the cyclic carboxylic acid ester to be used in the 
invention there may be used butylene carbonate or the like 
besides EC and PC described above. As the lactone there may 
be used p-butyrolactone, y-valerolactone or the like besides 
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GBL. As the solvent having S-O bond there may be used 
dimethylsulfone, dimethyl sulfite or the like besides DMSO and 
SLF . 

The mixing ratio of these solvents varies somewhat 
depending on their kind but generally is preferably at least 
5 vol-%. 

Further, as described in the aforementioned examples, 
there is preferably incorporated a low boiling and low 
viscosity solvent such as DME and THF besides the 
aforementioned mixture of three components so far as the effect 
of the invention is not impaired depending on the kind and 
mixing ratio of these solvents. 

AH vantage of the Invention 

As mentioned above, in accordance with the invention, 
the film formed on the surface of lithium is dense and is 
excellent in lithium ion conductivity . Accordingly , a battery 
provided with excellent discharge performance (charge and 
discharge performance in the case of secondary battery) and 
temperature characteristics as well as enhanced storage 
properties can be obtained. 

In addition, in secondary batteries, the reaction of 
active lithium separated out during charge with the electrolyte 
can be inhibited, making it possible to exert an effect of 
enhancing the enhanced cycle life performance. 
4 . Brief Description of the Drawings 
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Fig. 1 is a semi-sectional view illustrating a non- 
aqueous electrolyte secondary battery which is an embodiment 
of the invention; 

Fig. 2 is a graph illustrating the discharge performance 
of the inventive battery (A) and the comparative battery (W) 
before and after storage; 

Fig. 3 is a graph illustrating the cycle life performance 
of the inventive battery (B) and the comparative battery (X) ; 
Fig. 4 is a graph illustrating the discharge performance of 
the inventive battery (B) and the comparative battery (X) 
before and after storage; 

Figs. 5 and 6 each are a graph, illustrating the discharge 
performance of the inventive battery (C) and the comparative 
battery (Y) wherein Fig. 5 illustrates the discharge 
performance of the batteries which have been discharged 
' immediately after assembly and Fig. 6 illustrates the discharge 
performance of the batteries which have been discharged after 
3 months of storage at 60 °C since assembly; and 
Fig. 7 is a graph illustrating the discharge performance of 
the inventive battery (D) and the comparative battery (Z). 
1 ... Positive electrode; 2 ... Negative electrode; 3 
Separator 
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